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1. Introduction 
Electrospinning derived from the term “electrostatic spinning” is a simple and effective fabrication technique that 
has gain attention in the last twenty years due to its versatility and ability to consistently produced micro- and nano-
Abstract: Wound dressing have experienced continuous improvement and changes since ancient time. 
Electrospinning of polymeric nanofibers have captured the interest of researchers due to its simplicity and cost 
effective technique that able to produce wound dressing membrane that meet the requirement as ideal wound 
dressing and drug delivery carrier. In this work, polyvinyl alcohol (PVA) and poly (lactic acid) (PLA) were chosen 
polymer to produce wound dressing membrane through electrospinning and coating method. PVA was electrospun 
and then coated with PLA. Preliminary study had been conducted between 1, 4 and 8% concentration for the 
selection of optimum PLA coating concentration. PLA has been proposed for the use of coating materials at 4%, 
the coated nanofiber membrane started to exhibit high Ultimate Tensile Strength at 1022.5 ± 9.28 MPa, highest 
degree of swelling (1850 ± 3.7 %) and optimum water contact angle (60.9 ± 11.46˚). The aim of this study was to 
investigate the morphological properties of PVA/PLA wound dressing membrane. Based on the results from 
Atomic Force Microscope, PVA nanofiber coated with 4% PLA exhibit the highest value of Rq which is 0.47 ± 
0.19 μm compared to neat PVA nanofibers membrane. Field Emission Scanning Electron Microscope (FE-SEM) 
image revealed that PVA nanofiber coated with 4% PLA shows porous fiber-like morphology and well 
incorporated with each other without any gap formed between them. This report clearly suggestive of the fact that 
synthetic biodegradable polymers such as PLA can be exploited for the synergistic combination with PVA 
nanofiber for wound dressing application. 
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fibers with high surface-to-volume ratio [1]. Advantages such as high surface-to-volume ratio, high porosity and 
enhanced physico-mechanical properties offered by nanofibers made it broadly applied in biomedical application such 
as tissue engineering scaffold, drug delivery system and wound dressing [2].  
An ideal wound dressing should have haemostatic ability, efficiency as bacterial barrier, absorption ability of 
excess fluid, appropriate water vapour transmission rate, adequate gaseous exchange ability, ability to conform to the 
contour of the wound area, functional adhesion and ease of removal [1]. Electrospun materials meet most of the 
requirement outlined for the development of ideal wound dressing for wound healing [3]. Figure 1 illustrate the 
functions provided by electrospun nanofibers as ideal wound dressing. 
In this study, polyvinyl alcohol (PVA) and poly (lactic acid) (PLA) were the selected as the fabrication candidate 
of wound dressing membrane through electrospinning and coating method. PVA is a hydrophilic synthetic polymer, 
which able to absorb large amount of water without dissolving. However, in some application, PVA exhibit low 
mechanical strength which may lead to inefficient of drug release.  Excessive drug release can cause side effect to 
human body [4, 5]. In terms of controlled drug release due to its hydrophobic characteristic, a study proven that 
incorporation of PLA enhanced the hydrophobicity of chitosan blend for controlled drug release [6]. Due to this reason, 
PLA was proposed not only used to increase the mechanical strength of PVA nanofiber but also act as a protective 
layer to control drug release. Up to date, there is no previous studies that investigate the morphology of PVA 
electrospun nanofibers coated with PLA. Hence, the objective of this work was to investigate the effect of PLA coating 
on morphological properties of PVA nanofibers through Atomic Force Microscope (AFM) and Field Emission 
Scanning Electron Microscope (FE-SEM). 
 
 




This section described the techniques used for sample preparation and sample testing. The PVA/PLA wound 
dressing membrane preparation was explained in first part of this section and followed by the second part which is the 
sample testing method and instrument. 
 
2.1 PVA/PLA Wound Dressing Membrane Sample Preparation 
0.5 g of polyvinyl alcohol (PVA) powder (Mw ≈ 89000 g/mol, Sigma Aldrich) was dissolved in 5 mL of distilled 
water to form 10% (w/v) solution of PVA. An electrospinning device with horizontal set up (eSpinner NF-COEN/II, 
Birooni Saintifik) was used for the nanofabrication of PVA. The electrospinning condition for PVA sample were: flow 
rate=1.5 mL/h, voltage= 15 kV, gauge needle= 0.7 mm and the tip-to-collector distance= 10 cm. Poly(lactic acid) 
(PLA) granules (Mw≈60000 g/mol, Sigma Aldrich) are dissolved in organic solvent that contained dichloromethane 
(Sigma Aldrich) and N,N-Dimethyl formamide (Sigma Aldrich) in a ratio of 3:2 to produce three different coating 
concentration: 1%, 4% and 8% (w/v). PVA nanofiber is then immersed in PLA solution for 15 minutes and dried in 
fume hood by allowing the evaporation of the organic solvent under ambient temperature [7]. Figure 2 shows the 
process of sample preparation. 





Fig. 2 - Preparation of polyvinyl alcohol nanofiber mat coated with poly(lactic acid) 
 
 
2.2 Morphological Properties Characterization 
Atomic Force Microscope 
Atomic Force Microscope uses a cantilever tip to image a sample and is capable to provide extremely high 
resolution image. The sample was prepared into 1 cm x 1 cm (length x width). The surface topology of nanofiber mat 
was observed by AFM (Innova Ris, Bruker).  
 
Scanning Electron Microscope 
Scanning Electron Microscope (SEM) (FlexSEM 1000, Hitachi) was used for morphological observation of 
polyvinyl alcohol nanofiber mat coated with poly(lactic acid). The nanofiber mat was sputtered coated with gold for 30 
s at 18mA and being examined with 1000X-10000X magnification. 
 
 
Fig. 3 - AFM images for (a) neat PVA, (b) PVA electrospun nanofiber coated with 4% PLA 
 
3. Results and Discussion 
Atomic Force Microscope  
Preliminary study has been conducted to select the optimum PLA coating concentration on PVA electrospun 
nanofibers. Between 1%, 4% and 8% (w/v) PLA, 4% PLA shows the most promising result of mechanical properties 
and physical properties through tensile test, degree of swelling and water contact angle. The coated nanofiber mat 
started to exhibit high Ultimate Tensile Strength (1022.5 ± 9.28 MPa), high Young Modulus (257.56 ± 11.37 MPa), 
high degree of swelling (1850 ± 3.7 %) and optimum water contact angle (60.9 ± 11.46˚).  Thus, for the morphological 
properties investigation, only neat PVA electrospun nanofibers and 4% PLA coated PVA electrospun nanofibers 
samples were tested and analyzed. Atomic Force Microscopy (AFM) is an imaging tool used to characterize the surface 
roughness of a material. Figure 3 (a) and (b) shows the AFM images for neat PVA, bilayer PVA/4%PLA wound 
dressing membrane respectively. Figure 3 (a) revealed the image of the neat PVA nanofibers mat. As for Figure 3 (b), it 




shows uneven surface and this was due to the coating of 4% PLA on the PVA nanofibers. The higher the Rq value, the 
rougher the surface [8]. Based on the figures revealed, the coated nanofiber exhibit the highest value of Rq which is 
0.47 ± 0.19 μm. The rougher the surface, the higher the water contact angle which indicate higher wetting time. 
 
Field Emission Scanning Electron Microscope (FE-SEM) 
Figure 4 (a) shows the FE-SEM image of electrospun neat PVA nanofiber. The micrograph of the electrospun 
nanofiber mat shows the presence of nanofiber threads at 35000x magnification. The image revealed that there are 
beads formation on the nanofibers. The possible reason for the formation of the beads could be the flow rate setting 
during electrospinning process. Previous studies shown that higher flow rate caused beads formation and the nanofiber 
formed were not so smooth [9]. The average diameter of the neat PVA nanofiber is 143.57 ± 18.07 nm. The coating of 
4% PLA on bilayer PVA nanofiber can be seen in Figure 4 (b). It has more fibrous morphology where maximum 
amount of drug can be loaded and being released in a moderate rate which is essential for wound healing [10]. 
Moreover, the coating of PLA filled up the empty spaces on the surface of bilayer PVA nanofiber which improved the 
low mechanical strength of PVA. Figure 4 (c) shows the cross-section image of bilayer PVA nanofiber coated with 4% 
PLA. From the figure, it can be seen that PLA incorporate well with the nanofiber where there is no gap between them. 
From the morphological results obtained, it shows that PLA layer could be a good candidate of biomaterial in 
biomedical application such as wound dressing and drug delivery system. 
 
Fig. 4 - FE-SEM image of (a) neat PVA nanofiber, (b) PVA nanofiber coated with 4% PLA and (c) cross-section 




In this study, the purpose of coating is to strengthen the mechanical properties and to provide a protective layer on 
surface of nanofiber in order to control drug release rate in wound dressing. By conducting morphological properties 
testing and analyzation, PVA/4% PLA wound dressing membrane showed rougher surface and porous-fibrous like 
morphology. Well-incorporation of PVA and PLA proved that these polymers have high potential to be used as 
biomaterial in biomedical application such as drug delivery carrier and wound dressing membrane. Other than that, 
coating of PLA layer on PVA nanofibers membrane revealed promising morphological results which capable to act as 
protective layer to control the release of drug to wound site efficiently.  
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